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(54) Reinforced etructurai members 


(57) A cnannei-snapod section has a mm. local re- 
intorcdmcnt eneli (40,108) separated trorn the channel* 
Shaped section (22.104) Dy a layer of etructurai foam 
(44) At ihe reintorced section an arch geometry is uti- 
lizeo Which exiende m a direction opposne ihax of the 
forca to Which the mamber is euojeaed The arch ma/ 


t>e present as the cnannei-snaped memoer (22.104). 
me retnforcemem shell (40.108) or both the channei- 
shaped member and the sneti A poaion of the shell 
(45.110) contacis me cnannei^hapeo nnemoer and is 
attached thereto Oy welding or ahar means ot aitacn- 
meni. The etrucitiml memt>er may be a veNcie bumper 
(20) or a vehicid door side oeam (i02), for example. 
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Tne presdni ^aveniion retates generelly lo memods and apparatus tor roinTorcing siruciurai momodrs ano. moro 
specifically, r (aias lo local r mtorcemeni ot channei-«r>ap©a sections sabjea xo b ndmg. 

s in a number of applrcaicns. pantcuiarl/ m the auiomoiive inousiiy. mere is a need (or iignt-weight. hiSh-sirengm 
siructurai members. ARhough siruciurat members havmg these cnaraaerisiics can bo readily obtained mrougn me 
use of various metai aiioys such as i«taa«iim afioys and tne iiKe. iigni-weigni, nign-sirengtn aiioys are generally cost 
pronibitive m automotive appl^rations where weight reduciions are closely balarKed agdtnst the cost of materiats. More- 
over, remiorcemeni techniques are required which can be readily adapted to exisiing fieometnes of structural pans. 

Yd inereoy eiimmtmg tne need lor lundamentai design changes ano providing a means by «/hich subsiandard design 
perlormance can be remedied. That is, In many instances design deficiencies are discovered after venic(e design has 
reached the eiage at whtch radical changes are no longer feasible. 

in addition, a stgmficani amount of emphasis has been placed on tne penormance cnaranensiics of cnann i- 
snaped structural components wnich encounter forces mat produce bending For example, many sde impact beams 
designed tor motor vehicle doors have a channel-shaped cavity In addition, many functional bumpers are channel- 
shaped. These channei-er>aped sections are most susceptible to bending forces which origindie at or concentrat m 
tne midspan ot the beam. 

Although filling the entire section with plastic foam does signtficantiy increase section stiffness (at least when high- 
density loams are utilized), mis technique may also signitlcdntly increase mase ano thus pan weight, wnicn, ae eiateo. 

20 IS undesirable in moei apphcailons. in addition, finmg a section entirely wnn loam can conthbuie sjgnifieantiy to oosl 
Finally, a large loam core often creates an unwarned heat smK And. although meraaemg the tnena\ gauge of a eeciion 
or adding localized rrtetai reinforcements will increase stillness, as the metal miCKness increases, n becomes more 
difficult to form the pan due to tinnnatione of metal forming macnmes. 

A number of approacnes have been proposed lor dealing with the problem of reinforcing cnannei-shaped sections 

9S subjected to bending as alternatives to mgh-cost alloys, ihiek-meial sections and large loam cores. For example, a 
Side impact beam tor a vehicle door nas been proposed which comprises an open cnannei-snaped metal member 
havmg a longitudinal cavity whicn is fined wiin a thermosei or tnermoplasitc resm-base core. The core is disposed m 
the midspan of the beam. The core may include hollow glass microspheres in order to decrease density and thus weight. 
A remiorcemeni insert comprising a precast remtorcement nas been proposed. The reinforcemem is toimed ot a 

30 plurality ot pellets containing a thermoset reem and a blowing agenx The precast member is expanded and cured in 
place m a struaurai memoer A composite tuouiar ooor beam reinforced with a syrttactic loam core localized at the 
midspan of the lube has also been described m The an. The resin-based core occupies n« more than one^hlrd ^ the 
bore of the tube 

Tube-m-tube structures having high etiffness-to-mass ratios nave also been proposed m which two nested tubes 

S5 have a layer (3f todm disposed in me annulus between the tutMS. A local reinforoemeniin the nature d a foamaoie 
resin disposed on a drop-m earner has also been deecnoed. The carrier ie placed in me cnannei of a holiaw stmciural 
member following which me resin is expanded. 

Accordingly, ft would be desirable to provide a lowest technique for reinforcing a channel-shaped section Sub- 
jected to bending without eignificantiy increasing the mass it would also be desirable lo provide a memod of remioreing 

40 an existing channel^shapeo section wh ich does not require any fundamental design change to the member. The present 
invention provides hollow secbons which have increased strength with moderate increases m mass, all without me use 
of nigh volumes of expensive resins. The present mveraion further provided a method for reinforcing existing structural 
pans without redeeigmng the geometry of the part If has been found that the present invention ncreases ee^'ion 
stitfneee and strengm In channel-shaped sections in a highly efficient manner 

45 in one aspect the presem invention provides a remtorceo cnannei-^taped member havmg a thin, local reinforce- 
ment shell separated from the channel-shaped member by a layer ot stniaural foam. At the reintorced section an arcn 
extends in a direction opposite thai of me force to which me n^ember is eubjecied: mat is, the arcn pro|ecis m the 
direction ot the compression race of me channei-enapea ntember. The arch may be present as ihe channei-ehaped 
member, the remiomemeni shell or bom the channel-shaped member and the shell. A portion d the shell preferably 

so contacts the channei-enaped mennber and *s attached thereto by a spot weW or omer means of atwcnment. The com- 
bination of the arch and the structural foam suppons me loao, stabilizes the walls of me channef>«haped member and 
distributes fbrce over a generalized area away from concentration pointe at the welds. In one aspect, the reinforcement 
shell and the stmctui^l foam are preferably limited to no greaxer than about one miro of me lengih of the channeK 
Shaped member and are disposed subsianiiajly at m miospan ot the cnannei-snaped member, in one aspects the 
shell IS disposed m the channel of me channel-shaped member and in another the sn li forms a cap on me exienor of 
th channel-Shaped member. The shell is preferably high-strengtn steel which allows low-sirength steel to be used as 
me suuctural nrtember. Also, in applications m which me nrtatn structural member is hic^-etrength steel, me shell may 
comprise a mild steel or aiummum. 
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«n €tiM anomer acpea ihe present invenuon provides a meiDod ot reintorcing a suucwral pan wnicn hciuoes tne 
eieps OT iorm»ng a layer of eiruciwrai foam ai a local reinforcemoni arte in a channei-snaped eiruetural member. A 
reinforcement half is piaceo ai me miospan of ma cnannei^sTVdpad mamoar ano preieraoiy extanos no more tnao ona* 
third tha lengin ol the channel-shaped member. The structural foam is placed on one surface ot th shell which men 
5 contaas and oonds lo tne channel-shaped memoer. 

These and other advantages and oojecis ot the present (nvemion will now oe more fully descriDed wiih reterence 
to the drawings 

RGURE 1 1S a perspective viewof a ramtorcod btimper tHusiraiing the position of an arched mid-span reinforcement 
Shell. 

10 RQuRE a is a cross seciion along lines 2-2 of FiQuRE i 

Figure 3 is a cross-secuon o( another emDooimem of me present invention illusiraung a D-ehaped reinforeemem 
Shell disposed m the cavity ot a hollow bumper secim and separated foitn the bumper section by a layer of structural 
loam 

FIGURE 4 (S a cross-secuon oi anomer emDooimeni ot ine present invention iMusiianng a reinforcement sh li 
15 having a Q-shaped contiguretion. ji\e reinforcement shell is disposed in the cavoy of a hotiow bumper section having 
a doMDie arch with an miemening layer or siructurat foam 

FIGURE S Id a cross-secticxi ot another embodtmeni of the present inverHion AUistrating a localized arch^haped 
reinforcement disposed m the channel of a btimper section woh an miervening layer of structural foam. 

FIGURE 6 IS a cross-sectton of another embodiment ot me present tfivention illustrating a P-enaped reinforeemem 
20 Shell disposed in a raciangutar bumper section ano separated by segn^nied regions of siructuraJ foam 

Figure 7 is a croes-eeaion ot another embodiment of the proseni invention liluetraiing a an arch-shaped bumper 
having a rectangular reinforcement shell disposed thereon as a cap with an intanrening layer ot strucmrai loam. 
FiGuRE 8 IS a cross-eection of a douOie-arch bumper section with an arcn-shapeo reinforcement cap. 
FIGURE g is a perspective view of a reinforced ooor oearn iiiusiraiing tne position of a rectangular nrudspan rem- 
^ forcement sneii 

FIGURE 10 is a cross-seclion along tines 10*10 of FlGuRE g 

FiGuRE 11 is a cross-seaion ot another enrtbodiment of me present invention illustrating an arched door b am 
wah an arched reinforcement shell with an intervening layer of structural foam. 

Referring now to Figure i ot the drawings, reinforced automotive bumper 20 »s shown having Pumper seaion 22 
so in the natMre of longituoinai, cnannet-oefining struaure naving a lengtn substantially greaier man its width Each edge 
of vertical planar wall 24 is bounded by sides 26. Each side 26 has a flange 2B that extends Over open channel 30. 
wall 24 deftrres an exterior surface or compression face 32 and a channef-eide face or Inierior surface 34. li will be 
appreciated by those sMied in the art that compression face 32 receives me impaci m a coiilsipn and is thus the region 
at Which bending is induced. 

99 Positioned at the mid-span of bumper section 22. tnat is, geneially centrally located between ends 96 and 38. 
reinforcement sheN assembly 40 ie seen having arched reinfoicement shell 42 and intenrentng foam layer 44. if the 
location of maximum deformation i$ not at the central location, me remtorcement eneti assembly will be appropriately 
Off-center at the location ot maximum oeformaiton Arcned shall 42 has a pair of flanges 45 which oveny and contact 
flanges 28 of bumper section 22 Arched shell has arch ponion 46 whch extends in the direction of wall 38 ot bumper 

40 section 22. For the purposes oi this application the terms *aiched* and "arch' shall meiude not only a traditional u arcn 
fih^e bui also a D^hape. an example of wnicn will oe more tuRy illustraiaa hereinafter. Arcn «& also intended to mctude 
M or V or W shapes. 

The siojctural member and the reinforcement shell may be nr>etal stampings or may be roll formed nnetal. 
Refen'tfig now to Figure 2 of tne drawings, the reianonship of aiched shell subassembly 40 and oumper seciion 
4S 22 IS more ciaariy srK>wn Archeo shell has aufface 48 whicn is m comaa with and bonded to foam layer 44. Again, 
arch portion 46 of snell 42 exiends in the direciion of wall 36 and thus extends toward compression face 32 of bumper 
section 22. Foam layer 44 is also m contact with and bonded to face 34 of wan 38 as well as to side wall nnner surfaces 
60, thereby attaching shell 42 rigidly to bumper section 22. forming a tniarpinate construction In addition, flanges 45 
are attacneo to flanges 28 by mig welds, artnougn or rneans of attachment euch as mechanical fasteners or high- 
so strength adhesive may be sunabfe in a particular application. 

The length *L' of arched shell subasserr^ly 40 is preferably equal to or less than one third of the length X' of 
Oumper section 22. TTie width 'W* of channel 52 defined oy arcn portion 46 oi shell 42 is preferapiy at least 75% of 
wtotn "W*" of cnannei 30 of bumper section 22. Ttte oeptn 'P* of sneii 42 which extends into cnannei 30 is preferably 
at least 75% of the depth *D' of channel 30. Bell-shaped, stilted arches r D-shapes having a nee (D) to span (W) ratio 
£s of from about S:1 .0 to about i .01 .0 are most preferred. 

Afi Desi Illustrated in Figure 2 of the drawings, sneil 42 is a relatively thin gauge metai compared to that of bumper 
section 22 The metal useo to form shell 42 and section 22 will typically be st el r aluminum. For exart^ple DMorm 
1 40 steel between 0.6 and 1 4 mm is pamculariy preferred for shell 42 (And note that while metal is preferred, other 
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mdienais such ae piaaiic may D« apprcspndle la a given appijcaiion). One of the advantagee of me present inventioo 
18 the abiiay to use are reiauveiy low^trengih steel tor X>u^pBr ubciw 22 wniie re^ntoroag the eiruciure with a ligm- 
weighi. mm. htgn-strengm steef shell 42. By proviomg an arcn 46 m me Oireciion oi compression face 32; an intervening 
layer ot aan siv foam 44 wrfijcn is Donoed lo shell 42 and to section 22; and spot welding (or olhennriee anaenmg) 
6 Shell 42 to seeiion 22, retnforced bumper 20 provides maximum resistance to benotng with min^nai weight and cost. 
The comoination ot arch 46 and loam 44 m compression reinforces bumper seciron 22 tor a substantial reduction In 
DucKiing it (S to be understood inai foam layer 44 covers substantally an of surtace 48 of shell 42 

Foam 44 IS preferably a res^n-based maienai which incorporates hollow gias$ microspheres to reduce density 
Wim specific reference now to the composition oi toam layer 44. the density ot the maienai should preferably be from 
10 aoogt ao pounds per cuoic feet to apout 4O pourKis per cubic leet 10 mmimtre weight The meamg poini. heat distonion 
temperature and the temperature at which chemical breaKdown occurs must also be sutftcientiy hign sucn mat foam 
layer 44 maintains a e structure ai high temperatures typicdJIy encountered in pami ovens and me liKe. Therefore, toam 
44 shouw oe aoie to withstand temperatures in excess of 200 degrees C and preferably 175 degrees C. lor short 
limes Foam layer 4 has a micKness cH preteraDiy atiout 2 to 6 mm around me arch 
t^ in one particularly preferred embodiment loam layer 44 includes a synthetic reem. glass micioepheres. a blowing 
agent and a fiuer Foam 44 is preferably expanded m place between shell 42 and section 22 and is prepared by blending 
togemer tne foiiowtng matenais a syntneuc resin comprises from at>out 50 percent to about 80 percent by weight and 
more preferably from about 60 percent to about 75 percent by v^aight of me mixture used to fonn foam 44. Glass 
micfoapheres corr^nsee frem about lO to aooui 40 percent by waigm and more preferably tiom about 15 to about 25 
£0 percent by weight o| me mPdtire. A oiowing agent comprises from about 1 10 about 10 percem by weight and more 
preferably from about 2 to about 6 percent by WQight of me mooure 

Uyer 44 could be mitiatly applied in unexpended form to etiner snefl 42 or seciion 22 and men expanded mio 
mtimaie contact v^ltn me omer memoer and thereby bonded to both members 22 and 42. Where me foam is heat 
expandable and the structural member is a vehicle pan. use could be made of me pamt oven 10 initiate expansion of 
me foam, without requiring a separate neaung step 

Various tillers (such as fumed silica, eaicium caroonate. mated glass fiber, and chopped glass strand) rray be 
included A filler comprises tfom aboui 1 percent to about lO percent by weight and preierabiy irom about 3 percem 
to about 6 percent by weight of me mixture used to lonn foam 44. 

Preferred symneUc resins for use in me present 'mvem'ion tnclude marmosets sucn as epoxy lesins. vinyl ester 
90 resms. tnenmoset polyester resins, and uretttane resins, it is not intended that me scope ot the present invention be 
limited by molecular weight of me resin and suitable vwignts will be understood by those sluiled m me an based on 
me present disdoeure Where me resm is a tnermoset ream, various acceleiators. sucn as imidizoies and "DMP 30'. 
and cunng agents, preferably di-eyanamida, may also pe Included to enhance me cure rate A functional amount of 
accelerator is typically from about i percent to about 3 percent of the reem weight wnh a corresponding reduction m 
3S reain, microspheres or filler Sjmilarty, me amount ot curing agent used is typ'ic^iy from wool 2 percent to about 8 
percent of the ream weight wtm a corresponding reduction in resin, mtcroepheres or faier. Effective amoums of process- 
ing aids, stabiiteers, coiorants. UV absofoers and me liKa may alao be included m layer Thennopiastice may also be 
su^te m some applicationa 

In me followng tables, preferred formulations tor use m fomning foam 44 are descnbed. All percentages m the 
40 present disclosure are percent by wei^t unless omenwise specifically designated 
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FORMULA II 
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65% 


Ceiogen Blowing Agent 
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4% 

k20 Microspheres 

27% 


K20 Microspheres 
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in addAion lo il>d structure aiu&iraied in Figures } and 2 ol the drawings, ihe present invention provides a number 
o< Qtrter configurations whicn emoody tne mvenUve concepis ot trte present mventton as a motor vehicle Oumper More 
specificany, and reiernng now to Figure 3 ot ine drawings, stiucturai nfiemoer or mam Dumper section $4 is snown 
having Danges 56 that are wetded to local reinforcement sriett 58. Struaural foam 60 is shown bonding shell S6 in pjae 
in the Channel defined by bumper section m Figure 4. bumper section 62 has a double arch pon»on 64 havmg twin 
arcnos 66 and 68. structural loam layer 70 is disposed m tne channel defined by section 62 As with tna suucture 
descnbeo m Figure 4. shei) 72 is oWiaped and is attached lo flanges 74. in Figure 5, shell 76 having a stilted arch 
oontiguralion is utilized in combination with a double arch main bumper section 76 Shell 76 has a pair of flanges 80 
that are attached to corresponding nanges 82 of bumper eeciion 78. Figure 6 is a modrfication of the structure depicted 
in Figure 3, with the (oam layer bemg segmented^ i.e provided as separate spaced linear rows or nobon 64 

Reterrmg now lo Figure 7 of tne drawings, remlorcement sneii 86 forms an exiental cap on bumper section 88 
Bumper section 88 has the stilted arch eoofiguration and is provided with flanges 90 that are attached to ends 92 of 
sneii 86. Foam layer 94 is seen in tne channel defined by sr^eij 86 in Figure 6. bumper section 94 has double arcn 
structure 96 arK) is separated trom arched reinforcement shell or cap 96 by foam layer 100. 

In addition to reinforced bumpers, the present invention is useful fn reinforcing door sde beams. Reternng now to 
Figure 9 or the drawings, door side impaei beam 102 is snown generally having beam secupn 104 defining arcn 106 
As seen m Figures 9 and lO. remforcemem cap or snen 106 is provided and is anactied (preferably by spot welding) 
to beam section 104 at flanges iiO and 112. An inten^ening layer of foam is disposed between tfiner surface 114 of 
cap 108 and outer surface 116 or beam 104. Alternatively, the cap and beam eection oouid be reversed, mat is. pan 
108 could be the beam and pan 104 an intamai cap. tt is to l)e understood ihai this reversal couio oe achieved in an 
of the preferred designs, including tnosa described in connection wim ine bumper, in Figure ii ol the drawings still 
another configuration is shown m which two complementaty arches are nested one within the cHher Part ii8 can form 
either the cap or the noam beam body with part 120 forming the corresponding enefi or beam. Fbam 122 is sfiown 
disposed between pans 116 and 120 m the manner previously described. 

In still another aspect the present mvefition provides a method of rwtforcing a etructutal pan which mciudee the 
steps Of forming a layer of exructurai foam at a local reinforcement site in a channei-imaped strucuirai member. A 
remforcemem sheii o placed at tne midspan of the channel^hdped member and preferably exienos no more than ona- 
third the length of the cnannei-snaped memoer The structural foam is placed on one surface of the aheit which then 
contacts and bonds lo the cnannei-snaped merrtber. 

While the mveniion has been described prmnariiy in connection with vehicle pans, a is to be understood mat the 
invention may be practiced as part of other products, sticn as aircrafts, ships, bicycles or viauaity anymmg that requires 
energy for movemem. Similarly, the invention may be usee with stationary or static structures, such as buildings, to 
provide a rigid support When subjected \o vibration such as from an earthquake or simply to provide a lightweight 
support for etmctures subjected to toads. Additionally, while tne invention has been described pnmanty wim respect 
to heat expandable toams and with respea to metal pans such as the structural member and sheR. other materials 
can be used. For example, the toam could be any suitable Known expandable foam which is chemically aaivated into 
expansion and forms a rigid struaural foam. The shell could be made of n^tenais other than metal such as vanous 
plastics or poiymenc n^ienals or various wood type fibrous n^tenaie having sufficient rigidity to function as a bacK 
dnaporsupponlorinefoam Wnereaneaiexpandabiefoamisbsedthesupporxorbaciidropshouidbeabletowithstand 
the heat encountered durmg the heat cunng Where otfier types of foam materials are used, however, it is not necessary 
that me suppon member be able to withstand high temperatures, instead, the basic requirement for the support member 
IS that It have suiTicient ngidity to function m ^s inienaed manner, it is also possible, for example^ to use as tn snen 
maienals which in themselves become ngic upon curing or f urth r treatment. The invention may afso be practiced 
where the Structural menrtber is made or mat nals other than metal U is preferred, however, that materials be selected 
tor the stnjciuiai member and shell as well as the foam so that the thm unexpended foam upon expansion forms a 
strong bond with these members so that a struciurai composition win resun. 
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Qlalm9 

1 . A remforced euuciural member (20:102). comprising. 

5 a sKuciurai member (22;i04) defining a channel; 

a remtorcemeni eneii (40.108) having a tengih (L) less man me lengm (L*) of saio channel. 

saio remlorcemeni eneii ana eaio structural merrber being mtefconnecied; 

a layer of siruaurai toam (44) disposed between a portion of said structural member ano a ponion of said 
reintorcerreni shell to define a iriiaminaie region, said layer oi etruciurat foam oemg bonded to said struc- 
lurai member and to said reinforcemem enati and 
said tniamfnate region havmg an arcn-ehapea surface. 

2, A I emiorced eiruaurai merrmer (20. 102), comprising. 

15 

a siructuiai member (22.104) defining an open channel (30): 

B rBinlOfcemeni shell (40; lOa) havmg a length no greater man oneHhird the length of said open channel, 
eaid reinforcement enaii ano eald $uuctMra| member toeing interconnected euch that eaid rainforcemeni shell 
IS pofiiiioned at a midspan of said etruciurat menfiber such that an intertace le defined. 
^ a layer of structural foam disposed between suDstamiany the entirety of the interlace oi said structural memtTer 

and eaid reinforcemem snen whjcn defines a tniammaie ragion, said layer of structure foam being bonded to 
said structural merhber and to said remforcemeni sneu. and 
said triiaminate region having an arch-shaped surface 

ss 3. The reinforced structural member recited in claim i or 2. iwnefein said reinforcement shell is arch-ehaped. 

4. The reinforced structural member recited m claim i or 2. wherem said structural member is arcn-snaped 

5. The reinforced suuciural member recited in claim 1 or 2. wherem eaid reinforcement shell is arch-snaped and sard 
90 structural member is arch-shaped. 

e. The reinforced structuial memoer recited m any of the preceding claims, wherem eaid reinforcement shen is nested 
in said channel of said structural member. 

» 7. The remforceo structural member recited m any of daims ^ to 5. wherem said structural member has an vtierior 
surface defining channel and an exterior surface ano whon»in eaid, etruotural foam layer is disposed between said 

reinforcement shell and said exterior surface 

8. The reinforced structural noember recited tn any of the preceding claims, vtfherein said reinforcement shell is pd- 
40 sitioned at the location of maximum deformation of said structural member 

a The reinforced wucturai member recoeo in claim i , wherem saio reinforcement shell » posiioned at a miospan 
of said structural member and has a length thai is no greater than about one^iro the length c^ said suucturai 
merrtfser. 

4$ 

10- The reiniorced structural member recjied m any of the preceding claims, iiuherem said stmaurai foam cor^tains 
glass microspheres. 

11, The reinforced suucturai n^ember recited in ciaim 3. wherein said remlonsemani shell has a double arch shape 

so 

12, The remforoed sirMctural nnember recited in claim 4. wnerem said structural member has a double arch shap - 

13, The reinforced structural member recited in any or tne preceding claims, wherein said structural foam layer has a 
thicKness of from about 2 to about lO mm. 

6S 

14, The reinforced structural m mber recited in any ^ the preceding claims, wherein said stniaural member and sakJ 
remforcement shell ar nr^etal stampings or ron formed metal 
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15. Tne f emforcQO struaurai memoer reciieo in any oCine preceding claims. Mierem said reinlorcement sneil is loaned 
of high-sirength aleel or aluminum 

16. Tne remlorced structural member reciied m any of me preceding claims, wherein said foam layer le at least two 
s separate segments 

17. Tne feinforceo eiructural memoer recited m any of tne pr^eooiQ claim*, wherein said suuciurai foam contains 
1 rom 60 to 78 percent by weight potymer. trom iO to 30 percent by weight giaes microspheres, from 3 to 1 0 percent 
Dy weighi filler and from 2 to 6 percent by weight blowing agent 

TO 

18. The reinforced structural memoer recned m any of tne preceding claims, v\/herein said foam is expandable 

19. The reinforced siructuial memoer recited m claint 18. wherein said foam is neat expandable 

15 20. Tne reintorcea stnjciural member recited in any ol the preceding ctamns. wnerem said structural member is a 
vehicle bumper 

21. The remiorced structural memDer recned m any of the preceding claims, wherein said structural member is a 
vehicle door side beam. 

so 

23L A method of reinforcing a structural member compnaing 

placing a remforcemenl snell at generally the midspan a cnarwei-snapeo member to be remtorced: causing 
an expandable structural foam disposed between tne reinforcement shell and the chartnei-srtaped memoer 
25 lo oe expanded thereoy Dondmg tne reintofcement shell to the channel-shaped member to create a intammaxe 

region having an arcn snaped surtace. 

23. A metnod as claimed in ciaim 22 wnerein the expandable struciural loam is provided on one or bom ol respeciive 
surfaces ot the channel shaped member and the reinlorcement shell to De bonded together 

90 

24. The method of claim 22 or 23 luoher comprising hesimg the reinforcement shell m the channei-enapeo memoei 

2B. The method of claim 22 or 23 lutiher comprising mourttwig the reioforcemem she» outside oi and around the 
channel-Shaped memoer. 

s$ 

26. The method ol wy of claims 22 lo 23 wherem me struaurai member is a vehicle bumper 

27. The method of any of claims 24 to 25 wherein the stOictural member le a vehicle door side beam, 

40 28. A method ol reinforcing a structural member comprising. 

piac^g a reinforcement shell at generally the miospan of a channel shaped member and bonding n thereto 
with a structural foam to create a trifammaie region having an aich shaped surface. 

45 29. The method of claim 28 wherem the stmctural Idem is an expan<iaDie toam, and the loam bonds the channel- 
shaped member and the reinforcement enen upon expansion ^ tne foam. 

30. The method of claim 29 Wherem the stmctural member is a vehicle pan. and the foam is expanded by heat acti- 
vation. 

so 

31. The method ol claim 30 wherein the heat activation oeeura in a paim oven. 
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